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(57) ABSTRACT 
A beam combiner for combining a first beam cluster with a 
second beam cluster that is not parallel to the first, to form a 
common beam cluster. The beam combiner includes a trans 
parent body for the first beam cluster, which has a superim 
position region that is encountered by the first beam cluster as 
it passes through the body. The Superimposition region is split 
into a first section and a second section. Only the first section 
formed from interspaced reflective and/or refractive deflec 
tion elements causes a deflection of the second beam cluster 
by reflection and/or refraction, such that the first beam cluster 
forms the common beam cluster with the deflected second 
beam cluster once it has left the body. 

32 Claims, 14 Drawing Sheets 
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BEAM COMBINER FOR USE INA 
HEAD-MOUNTED DISPLAY DEVICE AND 

BEAM SPLTTER 

PRIORITY CLAIM 

The present application is a National Phase entry of PCT 
Application No. PCT/EP2010/052418, filed Feb. 25, 2010, 
which claims priority from German Application Number 
102009010537.9, filed Feb. 25, 2009, the disclosures of 
which are hereby incorporated by reference herein in their 
entirety. 

FIELD OF THE INVENTION 

The present invention relates to a beam combiner and a 
beam splitter. 

BACKGROUND 

Abeam combiner is needed e.g. in a display device that can 
be fitted onto the head of a user, in order to be able to present 
to the user a generated image Superimposed on the percep 
tible surroundings. The beam combiner is often formed as a 
curved spectacle lens in this case. 

It is known to realize a beam combining through a semi 
transparent mirror. However, the production technique is dif 
ficult, in particularif the light of the generated image is guided 
in the glass and the glass is curved. 

Furthermore, a beam combining can be effected by means 
of an optical grating. However, this often disadvantageously 
involves undesired scattered light due to additional diffrac 
tion orders. Furthermore, such a grating is often only very 
narrow-band, with the result that the generated image can be 
only monochrome. 

SUMMARY OF THE INVENTION 

Starting from this, the object of the invention is to provide 
an improved beam combiner as well as an improved beam 
splitter. 

According to the invention, the object is achieved by a 
beam combiner for combining a first ray beam with a second 
ray beam that does not run parallel to it to form a common ray 
beam, with a body that is transparent for the first ray beam and 
which has a Superimposition area which the first ray beam 
strikes when passing through the body and which is divided 
into a first section and a second section, wherein only the first 
section, which is formed from a plurality of reflective and/or 
refractive deflecting elements spaced apart from each other, 
brings about a deflection of the second ray beam by reflection 
and/or refraction such that after leaving the body the first ray 
beam, together with the deflected second ray beam, forms the 
common ray beam. 

Because of the deflecting elements which act reflectively 
and/or refractively, a beam combining can be realized for 
large wavelength ranges (in particular compared with con 
ventional beam combiners by means of diffraction gratings). 
The first section can have an imaging function for the 

second ray beam. Thus, not only is a desired beam combining 
carried out, but also equally imaging properties are realized 
by means of the first section. The imaging property of the first 
section can correspond to an imaginary optical effective Sur 
face which is curved and preferably has no mirror and rota 
tional symmetry. The effective surface can also have no trans 
lational symmetry. Of course, it is also possible that the 
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2 
imaginary optical effective Surface is rotationally symmetric 
(e.g. rotational asphere) or toric. 

In particular, the Surface of the first section, seen in top 
view onto the superimposition area, can preferably be 5 to 
30% of the surface of the superimposition area. The propor 
tion of the first section relative to the superimposition area 
can, however, also be 50% or more. 
The deflecting elements can beformed at a material bound 

ary surface (which can be flat or curved) of the body. A 
particularly simple manufacture is thus possible, e.g. by 
means of diamond milling. Furthermore, a production by 
moulding and casting methods is possible. 

Each deflecting element can be formed flat. However, a 
curved formation of the individual deflecting elements is also 
possible. 

In particular, all the deflecting elements can be formed 
identical. Alternatively, the formation of the deflecting ele 
ments can vary. 
The deflecting elements are preferably irregularly distrib 

uted in the Superimposition area, can be formed polygonal 
and/or have a maximum extent in the range of preferably 
20-30 um. The maximum extent can, however, also be 200um 
or 100 um. 
The beam combiner can be formed such that the part of the 

ray beam which strikes the first section is screened and thus 
does not become part of the common ray beam. Alternatively, 
it is also possible that the first section is transmissive for the 
first ray beam. 
The first section can be formed in the manner of a discon 

tinuous Fresnel structure. The Fresnel structure can have an 
imaging property that corresponds to the imaginary optical 
effective surface. 
The reflective formation of the deflecting elements can be 

achieved by a reflective coating. The reflective coating can 
result in a complete reflection or also in a partial reflection. 
Furthermore, it is possible to realize the reflective action by 
total internal reflection. In this case, no reflective coating is 
needed. 
The beam combiner can be formed in particular such that 

the second ray beam is guided in the transparent body to the 
Superimposition area. This can take place for example by 
reflections at the material boundary Surfaces. In particular, 
these can be total internal reflections. 

Furthermore, in the case of the beam combiner according 
to the invention, the second section of the Superimposition 
area can transmit the first ray beam. 
The beam combiner can be used in a display device which 

has an image-generating module and a holding device that 
can be fitted onto the head of a user, wherein the beam com 
biner is attached to the holding device such that when the 
holding device is fitted a user can perceive the real Surround 
ings through the Superimposition area of the beam combiner, 
wherein the image-generating module generates an image 
and directs it as second ray beam onto the Superimposition 
area such that when the holding device is fitted onto the head 
the user can perceive the image Superimposed on the real 
Surroundings. 

In particular, the present invention also comprises such a 
display device with a beam combiner according to the inven 
tion. The display device can be called an HMD (Head 
Mounted-Display) device. The display device can comprise 
further elements known to a person skilled in the art for the 
operation of the display device. 
The display device can have e.g. the beam combiner 

according to the invention (optionally in one of its develop 
ments), an image-generating module and a holding device 
that can befitted onto the head of a user and to which the beam 
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combiner is attached such that when the holding device is 
fitted its user can perceive the real Surroundings through the 
Superimposition area of the beam combiner, wherein the 
image-generating module generates an image and directs it as 
second ray beam onto the Superimposition area Such that 
when the holding device is fitted onto the head the user can 
perceive the image Superimposed on the real Surroundings. 
The beam combiner can have in particular an imaging 

property for the second ray beam. 
Furthermore, the beam combiner can have a coupling-in 

area via which the second ray beam is coupled into the beam 
combiner and then guided in the beam combiner (for example 
by means of total internal reflections) to the Superimposition 
area, wherein the coupling-in area is formed as a Fresnel 
surface which brings about a folding of the beam path. 
The Fresnel Surface preferably has an imaging property for 

the second ray beam. In particular, the Fresnel Surface and/or 
the Superimposition area can be formed at a curved material 
boundary surface of the beam combiner. 

The Fresnel surface can be developed in particular in the 
same manner as the Superimposition area of the beam com 
biner. 

The beam combiner according to the invention can also be 
integrated for example in a helmet visor, in order that e.g. 
information can be projected to the wearer of the helmet via 
the Superimposition area. Other applications of the beam 
combiner according to the invention are also possible. Thus, 
for example a window glass pane can be formed accordingly, 
in order to enable a projection of information in the manner 
according to the invention. 
A beam splitter is furthermore provided for dividing a ray 

beam incident on the beam splitter into a first ray beam and a 
second ray beam that does not run parallel to it, wherein the 
beam splitter comprises a body that is transparent for the 
incident ray beam and which has a division area which the 
incident ray beam strikes and which is divided into a first 
section with a plurality of reflective and/or refractive deflect 
ing elements spaced apart from each other and a second 
section, wherein the part of the incident ray beam transmitted 
by the division area forms the first ray beam and the part of the 
incident ray beam deflected at the deflecting elements by 
reflection and/or refraction forms the second ray beam. A 
division even of a very wide-band incident ray beam is pos 
sible with this beam splitter. 
The deflecting elements can have an imaging function for 

the second ray beam, be formed flat or curved, be irregularly 
distributed over the division area and/or formed polygonal. 
The extent of each deflecting element can preferably lie in the 
range of 20-30 um (but a maximum extent of up to 100 um or 
up to 200 um is also possible) and the surface of the first 
section can, seen intop view onto the division area, preferably 
lie in the range of 5-30% (however, 50% and more is also 
possible) of the surface of the division area. 
The first section can be formed in the manner of a discon 

tinuous Fresnel structure. 
Furthermore, the beam splitter according to the invention 

can be developed in the same manner as the beam combiner 
according to the invention. 
When the beam combiner according to the invention or the 

beam splitter according to the invention is used in an optical 
device, the Superimposition area or the division area is pref 
erably arranged, as far as possible, in a pupil of the optical 
system or as close as possible to a pupil of the optical system. 

It is understood that the features mentioned above and 
those yet to be explained in the following are applicable, not 
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4 
only in the given combinations, but also in other combina 
tions or singly, without departure from the scope of the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is explained in further detail below by way of 
example using the attached drawings which also disclose 
features essential to the invention. There are shown in: 

FIG. 1 is a schematic view of a display device with a beam 
combiner according to the invention; 

FIG. 2 is a top view onto the superimposition area 9 of the 
beam combiner 1 from FIG. 1; 

FIG. 3 is an enlarged sectional view along the section line 
B-B in FIG. 2: 

FIG. 4 is an enlarged view of the detail C1 from FIG. 3; 
FIG. 5 is a schematic view to illustrate the arrangement of 

the deflecting elements; 
FIG. 6 is a further schematic view to illustrate the arrange 

ment of the deflecting elements: 
FIG. 7 is an enlarged view of the detail C2 from FIG.3: 
FIG. 8 is an enlarged view of the detail C2 from FIG. 3 

according to a first variant; 
FIG. 9 is an enlarged view of the detail C2 from FIG. 3 

according to a further variant; 
FIGS. 10-12 depict examples of further profile shapes for 

the deflecting elements 12; 
FIG. 13 is a perspective view of a development of the 

multifunction glass 1 from FIG. 1; 
FIG. 14 is an enlarged sectional view along the section line 

D-D in FIG. 13: 
FIG. 15 is a perspective view of a further embodiment of 

the multifunction glass 1 from FIG. 1; 
FIG. 16 is a perspective view of a further embodiment of 

the multifunction glass 1 from FIG. 1; 
FIG. 17A is an enlarged sectional representation along the 

section line E-E in FIG. 16; 
FIG. 17B is a variant of the sectional representation from 

FIG.17A: 
FIG. 18A is a schematic side view of a further embodiment 

of the display device 2 according to the invention; 
FIG. 18B is a perspective representation of the display 

device from FIG. 18A: 
FIG. 18C is a top view of the superimposition area 9 of the 

multifunction glass 1 from FIGS. 18A and 18B; 
FIG. 18D is a perspective representation of a further 

embodiment of the display device 2 according to the inven 
tion; 

FIG. 18.E is a perspective representation of a further 
embodiment of the display device 2 according to the inven 
tion; 

FIG. 19 is a perspective view of a further embodiment of 
the multifunction glass 1 from FIG. 1; 

FIG. 20 is a perspective view of a further embodiment of 
the multifunction glass 1 from FIG. 1; 

FIG. 21 is a perspective view of a further embodiment of 
the multifunction glass 1 from FIG. 1; 

FIG. 22 depicts a further embodiment of the beam com 
biner 1 according to the invention; 

FIG. 23 is a development of the deflecting mirror 12 of the 
beam combiner according to the invention; 

FIG. 24 is a schematic sectional view of a beam splitter 27 
according to the invention; 
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FIG. 25 is a variant of the beam splitter from FIG. 24, and 
FIG. 26 is a further variant of the beam splitter from FIG. 

24. 

DETAILED DESCRIPTION 

In the embodiment shown in FIGS. 1 to 3, the beam com 
biner 1 according to the invention is formed as a multifunction 
glass of a display device 2 which comprises a holding device 
3 that can be fitted onto the head of a user in the form of a 
glasses frame, wherein only one side arm 4 is drawn in sche 
matically in FIG. 1. 
The beam combiner 1 is attached to the holding device 3 

such that when the holding device 3 is fitted onto the head it 
is arranged in the manner of a glasses lens in front of an eye 
A of the user. The user can perceive the Surroundings through 
the beam combiner 1. 

The display device 2 furthermore comprises an image 
generating module 5 with which an image is generated which 
is presented to the user of the display device 2 Superimposed 
on the Surroundings perceptible for the user through the mul 
tifunction glass 1 when the user is wearing the display device 
on his head. 

For this, the multifunction glass 1 has a coupling-in section 
7 on its underside 6 and a superimposition area 9 on its front 
8. As will be described in detail below, the superimposition 
area 9 transmits surrounding light US, without deflecting it. 
Furthermore, the superimposition area 9 directs light BS 
coming from the image-generating module 5 which is 
coupled via the coupling-in section 7 into the multifunction 
glass 1 and is guided in the latter by total internal reflection to 
the superimposition area 9, in the direction of the eye A of the 
user Such that the user can perceive the generated image as a 
virtual image Superimposed on the Surroundings. 
As can be seen in particular from the top view in FIG. 2, the 

Superimposition area 9 is formed Substantially circular and is 
divided into a first section 10 and a second section 11, wherein 
the first section 10 serves to deflect the image ray beam BS 
coming from the image-generating module 5 and the second 
section 11 serves to transmit the surrounding ray beam US 
coming from the Surroundings. The Superimposition area 9 
has a plurality of Sub-sections S spaced apart from each other 
which are distributed at random in the superimposition area 9 
in the embodiment described here. 
As can be seen from the enlarged sectional representation 

along the line B-B of one of the sub-sections S in FIG.3, each 
sub-section S has a plurality of deflecting mirrors 12 spaced 
apart from each other which here extend perpendicular to the 
plane of drawing of FIG. 3. 
The areas between the deflecting mirrors 12 in the sub 

sections S as well as the remaining areas of the Superimposi 
tion area 9 alongside the sub-sections S together form the 
second section 11. The first section 10 is formed of the 
deflecting mirrors 12. 
As can furthermore be seen from FIG.3, the superimposi 

tion area 9 and thus also the deflecting mirrors 12 are formed 
on the front 8 of the multifunction glass 1. Although the front 
8 is curved, the curvature is not shown in FIG. 3, to simplify 
the representation. The deflecting mirrors 12 are tilted relative 
to the normal of the front 8 such that the part of the image ray 
beam BS which strikes the respective deflecting mirror 12 is 
deflected towards the eye A as image partial beam BS". The 
remaining part of the image ray beam BS which does not 
strike the deflecting mirrors 12 is reflected and/or transmitted 
at the front 8 such that it is not perceptible for the user. 
The part of the surrounding ray beam US which strikes the 

backs of the deflecting mirrors 12 (from the left in FIG. 3) is 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
screened by the deflecting mirrors 12 such that the user cannot 
perceive this part. This part is therefore drawn in hatched in 
FIG. 3. The remaining part of the surrounding ray beam US 
passes as Surrounding partial beams US through the trans 
missive areas 13 between or alongside the deflecting mirrors 
12. 

The Superimposition area 9 thus brings about a Superim 
position of the part US of the surrounding ray beam US 
passing through the transmissive areas 13 which form the 
second section 11 with the partBS' of the image ray beam BS 
reflected at the deflecting mirrors 12 to form a common ray 
beam GS. The user wearing the display device 2 on his head 
can thereby perceive the image generated by means of the 
image-generating module 5 Superimposed on the Surround 
1ngS. 

In the schematic representation of FIG. 3, the beams BS 
and US' run parallel to each other. However, this need not be 
the case. Thus, a “through-mixing of the beams BS and US 
takes place e.g. because of the curvature of the front. 
The thus-formed beam combiner 1 has the advantage that it 

is very broadband compared with previous diffractive solu 
tions. 

The individual deflecting mirrors 12 may be arranged dis 
tributed irregularly over the superimposition area 9, as is the 
case here on the basis of the sub-sections S distributed at 
random in the Superimposition area 9. Of course, e.g. the 
distance between neighbouring deflecting mirrors 12 can also 
vary. Any other distribution of the deflecting mirrors 12 in the 
superimposition area 9 is also possible. The surfaceportion of 
the deflecting mirrors 12 relative to the whole surface of the 
Superimposition area 9, seen in top view onto the Superimpo 
sition area 9, can lie e.g. in the range of 5-30%. 
Of course, it is also possible that deflecting mirrors 12 are 

provided in the whole Superimposition area. In this case, the 
surface proportion given above can beachieved if the b/a ratio 
lies in the range of from 3:1 to 20:1 (FIG. 4). In all the 
described embodiments, the heighth in one example lies in 
the range of 5-500 Lim, in another example, in the range of 
0.01-0.1 mm. A range of 0.05-0.3 mm and a range of 200-300 
um are used on other embodiments. A size of for example 
20-30 um has proved to be very advantageous for the param 
etera. 

The first section 10 in FIG. 2 can also be called a discon 
tinuous Fresnel structure, because of the deflecting mirrors 12 
arranged distributed on the basis of the distributed sub-sec 
tions. This Fresnel structure can be determined as follows. 
The initial assumption is the general Surface function f(x,y) 
given below. 

(1) 

The Surface function f(x,y) can in particular describe a 
curved surface. The curved surface can beformed rotationally 
symmetrical. For example, the Surface function can describe 
a rotational asphere. However, it is also possible that it 
describes a Surface which is curved and has no mirror and 
rotational symmetry. Such a surface can also be called a 
free-form surface. The free-form surface can preferably have 
no translational symmetry. 
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By predetermining a maximum groove depth h (here e.g. 
between 0.01 and 0.1 mm), the following actual profile func 
tion can be deduced as profile height taking into account the 
height Z(x,y) of the front 8 of the multifunction glass. 

Profile=z(x,y)-modulo (f(x,y),h) (2) 

Here, modulo (f(x,y).h) describes the respective Fresnel 
proportion which increases from 0 to hand then drops back to 
0 in one step. Thus, modulo (f(x,y).h) describes a triangular 
function for a right-angled triangle. The following continuous 
profile function, such as is shown schematically in FIG. 5, is 
thus obtained. 

Depending on the desired Surface ratio of deflecting mir 
rors 12 to the whole Superimposition area and the size and 
number of the sub-sections S. areas or sections of this profile 
function are substituted by the spherical radius of the front 8 
of the multifunction glass, with the result that the Fresnel 
structure shown below in FIG. 6 results. Because of the sche 
matic representation of only a small section of the front 8, the 
spherical curvature of the front cannot be seen in this repre 
sentation. 

In the embodiment example described here, the following 
polynomial coefficients were used, wherein the first figure 
with the coefficient c stands in each case for the power x and 
the second figure for the powery, with the result that e.g. c21 
is the coefficient before Xxy. Any coefficients c not listed are 
O. 

c10 3.09E-02 
cO1 -5.69E-O1 
c11 -1.00E-04 
c21 2.71E-OS 
c12 1.34E-05 
c22 2.57E-06 
c2O 3.17E-03 
cO2 2.44E-03 
c3O 2.64E-05 
cO3 2.23E-OS 

The radius of the glasses lens to which the Fresnel structure 
is applied is 105.08 mm here. 

In the embodiment described, the deflecting mirrors 12 are 
formed by a metallization V of the inclined sections, as can be 
seen in the enlarged view of the detail C2 from FIG.3 in FIG. 
7. 

In FIG. 8, a variant is shown in which the free area which is 
formed due to the incline of the deflecting mirror 12 relative 
to the front 8 of the multifunction glass 1 is filled to the front 
8 with material 14. The filling is preferably carried out such 
that a smooth, continuous front 8 is formed. In particular, the 
same material as for the multifunction glass 1 itself can be 
used as material 14. 

However, it is also possible to design the beam combiner 1 
such that the deflection of the image ray beam BS takes place 
by total internal reflection, with the result that a metallization 
is no longer necessary, as is shown in FIG. 9. In this case, the 
surrounding ray beam US is also transmitted by the deflecting 
elements 12. 
Of course, it is also possible to provide the deflecting 

elements 12 with a partial metallization, with the result that 
they function both reflectively for the image ray beam BS and 
transmissively for the surrounding ray beam US. 

Furthermore, it is possible to form refractive deflecting 
elements instead of reflective deflecting elements. In this 
case, the superimposition area 9 is preferably formed on the 
inside 16 of the multifunction glass 1. 
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8 
In the embodiments described thus far, the profile shape of 

the deflecting elements 12 in the sectional representations 
shown was always linear. However, other profile shapes are 
also possible. Thus, the edges can be curved convexly in 
cross-section, as is indicated in FIG.10. The representation in 
FIG. 10, and also in FIGS. 11 and 12, corresponds to the 
representation from FIG. 5, with the result that, starting from 
this profile shape, the spherical radius is still to be provided in 
areas instead of the profile course shown, in order to then 
arrive at the desired profile course in the sub-sections S. A 
concave edge curvature, as is indicated in FIG. 11, can also be 
provided. 
Any desired curvature can also be provided, as is indicated 

schematically in FIG. 12. 
A variant of the multifunction glass 1 from FIG. 1 is shown 

in FIG. 13. In this variant, the image-generating module or the 
imaging system 5 is arranged at the upper rim 15. The image 
ray beam BS emitted by the imaging system 5 is guided in the 
glass 1 by total internal reflection at the front 8 as well as the 
back 16 of the glass 1 to the superimposition area 9 in which, 
in the same manner as in FIG. 2, a plurality of sub-sections S 
with the deflecting elements 12 are arranged. 

In FIG. 14, a section through Such a sub-section Salong the 
line D-D is schematically represented enlarged. On the basis 
of the superimposition of the image ray beam BS and the 
surrounding ray beam US, the desired common ray beam GS 
is generated, with the result that a user who is wearing glasses 
with Such a multifunction glass 1 with his eye Apositioned in 
the pupil area P which is spaced apart from the back 16 can 
perceive the Surroundings with the image generated by the 
imaging system 5 Superimposed. 

In the embodiment shown in FIGS. 13 and 14, as well as in 
all the embodiments described thus far, the superimposition 
area is formed in the front 8. The deflecting mirrors 12 are 
formed integrally in the front 8, with the result that the super 
imposition area 9 is part of the front 8 of the multifunction 
glass 1. 

In FIG. 15, a further embodiment of the multifunction glass 
1 is shown, wherein here, as also in the embodiments still to 
be described below, the same elements are given the same 
reference numbers and, to avoid unnecessary repetition, ref 
erence is made to the corresponding description above. 

In the embodiment from FIG. 15, the imaging system 5 is 
arranged at the back 16 of the multifunction glass or spaced 
apart from the back 16, with the result that the image ray beam 
BS enters the glass 1 via the back 16. The image ray beam BS 
is then guided via total internal reflection at the front and back 
8, 16 to an area 17 of the upper rim 15. The area 17 is 
metallized, with the result that the image ray beam BS is 
reflected in the direction of the superimposition area 9. 
Between the mirror area 17 and the superimposition area 9 the 
image ray beam BS is again guided by total internal reflection 
at the front and back 8, 16. The desired superimposition for 
generating the common ray beam GS takes place in the Super 
imposition area 9. 
The surface of the mirror area 17 which brings about the 

reflection can be plano. However, any desired curvature is 
also possible. In particular, it can be curved and have no 
rotational or mirror symmetry. Furthermore, it can preferably 
also have no translational symmetry. 

Although, in the embodiment from FIG. 16, the imaging 
system 5 is again arranged on the back or spaced apart from 
the latter, such that the image ray beam BS enters the multi 
function glass 1 via the back 16, in the embodiment from FIG. 
16, the image ray beam BS runs directly to the front 8 in which 
a deflecting area 18 is formed. This deflecting area 18 has a 
plurality of deflecting mirrors 19 arranged next to each other 
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which can extend essentially parallel to each other. The 
deflecting mirrors 19 run from the top to the bottom in the 
representation from FIG.16 and are tilted relative to the front 
8. Unlike the deflecting mirrors 12 of the superimposition 
area, no spaces are provided between the individual deflect 
ing mirrors 19, with the result that the deflecting area 18 can 
also be called a Fresnel area or Fresnel surface 18. The sec 
tional view along the line E-E in FIG. 16 is shown in FIG. 
17A. In cross-section, the deflecting mirrors 19 are linear and 
arranged at the curved base surface which here is the front 8 
of the multifunction glass. The individual edges 19' which 
connect the deflecting mirrors to each other are aligned par 
allel to each other. The original course of the front 8 here is 
also drawn in Schematically. 

In a variant (not shown) of the multifunction glass 1 from 
FIG. 16, another Fresnel surface is provided on the front 8 or 
back 16 of the glass 1 between the deflecting area 18 and the 
superimposition area 9 for guiding the beam. This further 
Fresnel Surface can be formed in the same manner as the 
deflecting area 18 or the superimposition area 9. 

In FIG. 17B, a variant of the profile from FIG. 17A is 
shown which differs essentially in that the edges 19' which 
connect the deflecting mirrors 19 are no longer oriented par 
allel to each other in cross-section, but radially relative to the 
centre, not shown, of the front 8. 

In FIG. 18A, a schematic side view of a further embodi 
ment of the display device 2 according to the invention is 
shown, wherein only the multifunction glass 1, the image 
generating module 5, the eye position K and some examples 
of beam courses for the image ray beam BS and the common 
ray beam GS are drawn in. The corresponding perspective 
view of the display device 2 from FIG. 18A is represented in 
FIG. 18B. 
As can be seen from the representation in FIGS. 18A and 

18B, unlike in the embodiment from FIG. 16, the deflecting 
area 18 is no longer arranged next to the Superimposition area 
9, but above the Superimposition area 9. 
The deflecting area 18 here is a coupling-in area or section 

via which the image of the image-generating module 5 is 
coupled into the multifunction glass 1 Such that the image ray 
beam BS is guided to the Superimposition or coupling-out 
area 9 by means of total internal reflections. 
The multifunction glass 1 has a spherically curved, convex 

front 8 with a radius of 143.5 mm as well as a spherically 
curved, concave back 16 with a radius of curvature of 140.0 
mm, wherein the thickness of the glasses lens is 3.5 mm and 
PMMA was used as material for the glasses lens. 
The Fresnel structure of the deflecting area 18 can be given 

in the same manner as for the deflecting mirrors 12 according 
to the above Formula (2), wherein here the whole deflecting 
area 18 is formed as a continuous Fresnel surface (thus with 
out a substitution of areas by the spherical front 8) and the 
following function is used as Surface function f(x,y): 

if W (3) 

f(x, y) = X X (ck (ii) vy), 

wherein k(i,j) is determined as follows 

(i+ i)’ + i +3.j (4) 
- - -- 
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10 
The depth of the Fresnel structure or the Fresnel crimping 

in Z-direction and thus the value for Ah here is 0.1 mm and the 
Fresnel polynomial coefficients read as follows: 

k Value 

O 1 2 1978,676e--OOO 
O 2 5 -1.683682e-OO1 
O 3 9 6.583886e-OO3 
O 4 14 -15928.97e-OO)4 
O 5 2O 16.73948e-006 
2 O 3 -1.26OO64e-OO2 
2 1 7 -1594787e-OO)4 
2 2 12 S.O47SS2e-OOS 
2 3 18 -1.124591e-OO6 
2 4 25 -3539047e-OO8 
2 5 33 6.224301e-O10 
4 O 10 2.326468e-004 
4 1 16 -2.256722e-OOS 
4 3 31 2.658.107e-O08 

All unnamed coefficients k(i,j) which are not listed in the 
above table are equal to 0. 
The Fresnel structure for the coupling-out area 9 can also 

be described by means of Formulae (2) to (4). The corre 
sponding Fresnel polynomial coefficients are given in the 
following table, wherein again all unnamed coefficients k(i,j) 
which are not listed in the table are equal to 0. 

k Value 

O 1 2 3.8895SOe-OO1 
O 2 5 -3.833425e-OO3 
O 3 9 -2.736702e-OO7 
O 4 14 1935143e-OO6 
O 5 2O 9.627233e-OO7 
2 O 3 -5487613e-OO3 
2 1 7 S.S.0676Se-OOS 
2 2 12 1.146413e-OO6 
2 3 18 2.124906e-OO6 
2 4 25 -7.83.8697e-OO8 
2 5 33 -7.841,081e-OO8 
4 O 10 4.99687Oe-008 
4 1 16 -5.316581e-OO7 
4 3 31 -2.683O89e-OO8 

Also in the case of the Fresnel structure of the coupling-out 
area or section 9, Ah is equal to 0.1 mm. 
The position of the optical surfaces in the overall coordi 

nate system of the pupil P of the eye A (the point of origin is 
at K) can be given as follows by reference to the direction of 
the coordinates x, y and Z in FIG. 18A in each case relative to 
the Surface in the immediately preceding row (the coordinates 
x, y and Z drawn in FIG. 18A relate to the coordinate system 
of the pupil P which is used only for the description of the 
Fresnel structures of the coupling-in and coupling-out areas 
18 and 9 in connection with FIG. 18A): 

Surface x-coordinate mm Z-coordinate mm Tilt angle about X-axis () 

P O.OOO O.OOO O.OOO 
9 O.OOO 21.500 O.OOO 
18 O.OOO O.OOO O.OOO 
5 O.OOO 16.828 14.042 

In the case of the coupling-in and coupling-out areas 18 and 
9, the position of the coordinate system is given, with regard 
to which the Fresnel surface is defined in the manner given 
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above. In each case, values of 0 are therefore given for the 
surface 18, as the coordinate systems for the surfaces 9 and 18 
coincide. The position and size of the used aperture surface of 
the respective Fresnel surface, which corresponds to the cou 
pling-in section 18 and to the coupling-out section 9, are as 
follows with regard to the coordinate system peculiar to the 
Surface: 

Element x-coordinate mm y-coordinate mm APX mm APY mm 

9 O.OOO O.OOO 14.5 7.1 
18 O.OOO 19.87 11.6 4.8 

In this table, the width of the Fresnel structure in X-direc 
tion is given in the APX column and the width of the Fresnel 
structure in y-direction in the APY column. Furthermore, the 
distance of the coupling-out section 9 from the coupling-in 
section 18 is given. The distance from the eye pupil P to the 
glasses lens (back 16) here is 18 mm, wherein the field of 
vision is 20 x4° for a diameter of 6 mm. 

In order to avoid a regular arrangement or structure of the 
Fresnel sections in the case of the coupling-out area 9, they 
can be arranged e.g. only in the rectangular Sub-sections S 
(FIG. 2). The sub-sections S can also be circular, as is shown 
in the schematic top view onto the, for example rectangular, 
coupling-out area 9 in FIG. 18C and which is assumed for the 
following description. Circular areas are fixed, the diameter 
of which can be determined as follows 

D-V(100-T)/100/t-2-APX/N 
Wherein T is the required transmission for the surrounding 

light in percent, N the number of the circles in x-direction and 
APX the aperture width in x-direction. The circles are ini 
tially arranged equidistant in a fixed grid with a grid spacing 
APX/N in X and y. The positions of the centres of the circles 
are then easily modified, by dicing the direction and length of 
the shift of the centres. The length is chosen here such that no 
overlapping effect occurs between neighbouring circles. 
The following formulae can be applied as statistical func 

tions for length and angle. 
Statistical displacement length: 

r=(APX/N/2-D/2)-randf 

Statistical displacement direction: 
w=360-randf 

Wherein randfprovides a random value between 0 and 1. The 
modified position of the circles then results according to the 
following formulae: 

M=round (APX/APX) 

Wherein the round function rounds the criterion (APY/APX) 
up to whole numbers. 
Of course, any other type of distribution of the Fresnel 

structure can also be chosen, wherein an irregular arrange 
ment is preferably chosen. 

Variants of the display device 2 according to FIGS. 18A 
and 18B are shown in FIGS 18D and 18E. In the embodiment 
from FIG. 18D, the coupling-in section 18 is offset both 
laterally and vertically to the coupling-out section 9. In the 
embodiment from FIG. 18E, a deflecting section 18' which 
can be formed in the same manner as the coupling-in section 
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18 as a Fresnel structure (here as a reflective Fresnel structure) 
is formed on the front 8 between the coupling-in and the 
coupling-out section 18 and 9. In particular, the deflecting 
section 18' can, in addition to the folding of the beam path 
brought about by it, also have another imaging property (in an 
identical or similar manner to the coupling-in section 18 and 
optionally the coupling-out section 9). 
The formation of the coupling-in and coupling-out sections 

18 and 9 as well as optionally the deflecting section 18 on the 
same side of the multifunction glass (here on the front 8) 
facilitates the production of the multifunction glass 1. 
A further variant of the multifunction glass 1 is shown in 

FIG. 19. The image ray beam BS again enters the multifunc 
tion glass 1 from the back 16, and is reflected at the front 8 by 
a Fresnel surface 20 in the direction of the upper rim 15. The 
Fresnel surface 20 is in principle constructed in the same way 
as the Fresnel surface 18 in FIG. 16. The alignment of the 
tilting of the deflecting mirrors of the Fresnel surface 20 is 
merely chosen such that the deflection shown in FIG. 19 takes 
place. After being deflected at the Fresnel surface 20, the 
image ray beam BS is guided by means of total internal 
reflection at the back and front 16, 8 to the mirror area 17, 
reflected there and again guided by means of total internal 
reflection between the front and back 8, 16 to the superimpo 
sition area 9. 
A variant of the multifunction glass from FIG. 19 is shown 

in FIG. 20. In this variant, instead of the mirror area 17, a 
further Fresnel surface 21 is formed which in principle has the 
same structure as the Fresnel surface 18. The alignment of the 
deflecting mirrors of the Fresnel surface 21 is merely chosen 
such that the deflection of the image ray beam BS shown in 
FIG. 20 takes place. 
A further embodiment of the multifunction glass 1 is 

shown in FIG. 21. In this embodiment, the image ray beam BS 
from the imaging system 5 again enters the multifunction 
glass 1 from the back 16, is reflected at the upper rim at a first 
deflecting area 22 in the direction of a second deflecting area 
23 at the lower rim of the multifunction glass 1, and reflected 
there in the direction of the superimposition area 9. The 
guiding in the multifunction glass 1 again takes place by 
means of total internal reflection at the front and back 8, 16 of 
the glass 1. The deflecting areas 22 and 23 can be formed as 
metallized areas, as Fresnel Surfaces or also as areas in which 
the deflection takes place by means of total internal reflection. 

In FIG. 22, a further embodiment of the beam combiner 1 
according to the invention is shown in which the ray beams 
BS and US to be superimposed both strike the Superimposi 
tion area 9 from the same side but at a different angle. As can 
be seen from the schematic representation in FIG. 22, the 
superimposition area 9 is formed such that both ray beams BS 
and US are focussed in the same focus 24. 
A development of the deflecting mirror 12 is shown in FIG. 

23. In this development, the deflecting mirror 12 has two 
mirror edges 25 and 26 which are metallized. Thus, three ray 
beams can be Superimposed with each other, namely two 
image ray beams BS1 and BS2 with the surrounding ray beam 
US, as can be seen in the schematic representation from FIG. 
23. Deflecting mirrors 12 with the two mirror edges 25 and 26 
can be arranged in the same manner as the already described 
deflecting mirrors 12 of the above embodiments. 
The previously described beam combiner 1 according to 

the invention can also be used as a beam splitter 27. For this, 
the beam combiner 1 need merely be passed through in the 
opposite direction, thus e.g. in FIG.3 impinged by a ray beam 
coming from the right. This is represented in FIG. 24, which 
shows the basic structure of such a beam splitter 27 which is 
essentially the same as the structure of the beam combiner. If 
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an incident ray beam 28 strikes the beam combiner 27 (here 
from right to left) and passes through a division area 29, the 
part of the incident ray beam 27 which strikes the areas 30 
(which correspond to the areas 13 in FIG. 3) of the division 
area 29 between the deflecting elements 31 (which corre 
spond to the deflecting mirrors 12 in FIG. 3), is transmitted 
and forms a first ray beam 32. The part of the incident ray 
beam 27 which strikes the deflecting elements 31 is reflected 
by the latter and forms a second ray beam 33 which does not 
run parallel to the first ray beam 32. The deflecting elements 
31 can be formed in the same manner as the deflecting ele 
ments 12 of the beam combiner 1. 

In FIG. 25, a variant of the beam splitter 27 is shown in 
which the division area 29 is formed at the side which the 
incident ray beam 28 strikes. Furthermore, the deflecting 
elements 31 are formed and arranged such that the reflected 
part 27 is focussed onto a detector 35. In addition to the beam 
splitting, a beam focussing is thus also brought about. 

In FIG. 26, a variant of the beam splitter 27 from FIG.25 is 
shown in which the division area 29 is formed on the side at 
which the incident ray beam 28 leaves the beam splitter 27 
again. Also in this embodiment, a focussing of the second ray 
beam 33 onto a detector 35 is brought about by means of the 
deflecting elements 31 which here preferably function refrac 
tively. 

The invention claimed is: 
1. A beam combiner for combining a first ray beam with a 

second ray beam that does not run parallel to the first ray beam 
to form a common ray beam, the beam combiner comprising: 

a body that is transparent for the first ray beam and which 
has a Superimposition area which the first ray beam 
strikes when passing through the body and wherein the 
Superimposition area is divided into a first section and a 
second section, wherein only the first section, which is 
formed of a plurality of reflective and/or refractive 
deflecting elements spaced apart from each other, brings 
about a deflection of the second ray beam by reflection 
and/or refraction such that after leaving the body the first 
ray beam, combined with the deflected second ray beam, 
forms the common ray beam; and 

a coupling-in area via which the second ray beam is 
coupled into the beam combiner and then guided in the 
beam combiner to the Superimposition area, wherein the 
coupling-in area is formed as a Fresnel Surface which 
brings about a folding of the beam path. 

2. A display device, comprising 
a beam combiner according to claim 1: 
an image-generating module; and 
a holding device fittable onto the head of a user and to 
which the beam combiner is attached such that when the 
holding device is fitted a user perceives the real sur 
roundings through the Superimposition area of the beam 
combiner, 

wherein the image-generating module generates an image 
and directs it as the second ray beam onto the Superim 
position area such that when the holding device is fitted 
onto the head the user can perceive the image Superim 
posed on the real Surroundings. 

3. A display device comprising: 
a beam combiner for combining a first ray beam with a 

second ray beam that does not run parallel to the first ray 
beam to form a common ray beam, the beam combiner 
comprising a body and a coupling-in area, wherein the 
body is transparent for the first ray beam and has a 
Superimposition area which the first ray beam Strikes 
when passing through the body. wherein the second ray 
beam is coupled into the beam combiner by the cou 
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14 
pling-in area, which is formed as a Fresnel Surface which 
brings about a folding of the beam path, and then guided 
in the beam combiner to the Superimposition area, 
wherein the superimposition area is divided into a first 
section and a second section, wherein only the first sec 
tion, which is formed of a plurality of reflective and/or 
refractive deflecting elements spaced apart from each 
other, brings about a deflection of the second ray beam 
by reflection and/or refraction such that after leaving the 
body the first ray beam, combined with the deflected 
second ray beam, forms the common ray beam; 

an image-generating module; and 
a holding device that can be fitted onto the head of a user 

and to which the beam combiner is attached such that 
when the holding device is fitted the user's line of sight 
is directed through the Superimposition area of the beam 
combiner, wherein the image-generating module gener 
ates an image and directs it as the second ray beam onto 
the Superimposition area such that when the holding 
device is fitted onto the head the user can perceive the 
image Superimposed on the real Surroundings. 

4. The display device according to claim 3, in which the 
first section has an imaging function for the second ray beam. 

5. The display device according to claim 3, in which a 
Surface of the first section, seen in top view onto the Super 
imposition area, is 5 to 30% of a surface of the Superimposi 
tion area. 

6. The display device according to claim 3, in which the 
Surface of the first section, seen in top view onto the Super 
imposition area, is at least 50% of the surface of the super 
imposition area. 

7. The display device according to claim 3, in which the 
deflecting elements are formed at a material boundary Surface 
of the body. 

8. The display device according to claim 7, in which the 
material boundary surface at which the deflecting elements 
are formed is curved. 

9. The display device according to claim 3, in which each 
deflecting element is formed flat. 

10. The display device according to claim 3, in which the 
deflecting elements are distributed irregularly in the Superim 
position area. 

11. The display device according to claim 3, in which each 
deflecting element is formed polygonal. 

12. The display device according to claim 3, in which the 
maximum extent of each deflecting element is up to 200 um. 

13. The display device according to claim 12, in which the 
maximum extent of each deflecting element lies in the range 
of 20-30 um. 

14. The display device according to claim3, in which a part 
of the first ray beam which strikes the first section is screened 
and thus does not become part of the common ray beam. 

15. The display device according to claim 3, in which the 
first section is formed as a discontinuous Fresnel structure. 

16. The display device according to claim 3, in which the 
second ray beam is guided in the transparent body to the 
Superimposition area. 

17. The display device according to claim 3, in which the 
second section transmits the first ray beam. 

18. The display device according to claim 3, in which the 
beam combiner has an imaging property for the second ray 
beam. 

19. The display device according to claim 3, in which the 
Fresnel Surface has an imaging property for the second ray 
beam. 
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20. The display device according to claim 3, in which the 
Fresnel surface is formed at a curved material boundary sur 
face of the beam combiner. 

21. A beam splitter for dividing an incident ray beam inci 
dent on the beam splitter into a first ray beam and a second ray 
beam that does not run parallel to the first ray beam, the beam 
splitter comprising: 

a body that is transparent for the incident ray beam and 
which has a division area which the incident ray beam 
strikes and which is divided into a first section with a 
plurality of reflective and/or refractive deflecting ele 
ments spaced apart from each other and a second sec 
tion; 

wherein a first part of the incident ray beam transmitted by 
the division area forms the first ray beam and a second 
part of the incident ray beam deflected at the deflecting 
elements by reflection and/or refraction forms the sec 
ond ray beam. 

22. The beam splitter according to claim 21, in which the 
deflecting elements have an imaging function for the second 
ray beam. 

23. The beam splitter according to claim 21, in which a 
surface of the first section, seen in top view onto the division 
area, is 5 to 30% of a surface of the division area. 
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24. The beam splitter according to claim 21, in which a 

surface of the first section, seen in top view onto the division 
area, is at least 50% of a surface of the division area. 

25. The beam splitter according to claim 21, in which the 
deflecting elements are formed at a material boundary Surface 
of the body. 

26. The beam splitter according to claim 25, in which the 
material boundary surface at which the deflecting elements 
are formed is curved. 

27. The beam splitter according to claim 21, in which each 
deflecting element is formed flat. 

28. The beam splitter according to claim 21, in which the 
deflecting elements are distributed irregularly in the division 
aca. 

29. The beam splitter according to claim 21, in which each 
deflecting element is formed polygonal. 

30. The beam splitter according to claim 21, in which the 
maximum extent of each deflecting element is up to 200 um. 

31. The beam splitter according to claim 30, in which the 
maximum extent of each deflecting element lies in the range 
of 20-30 um. 

32. The beam splitter according to claim 21, in which the 
first section is formed in the manner of a discontinuous 
Fresnel structure. 


